III. Applications
Many of the applications to be discussed are found in chapters 11-15 of McQuarrie. Important applications include non-ideal gases, crystals, liquids, first and second order phase transitions, systems in electric and magnetic fields, polymers, superconductivity, liquid crystals, ergodicity and chaos, statistical spectroscopy, nonequilibrium statistical mechanics The applications which are covered and the emphasis placed on each will depend, in part, on the interests of the members of the class. Several topics will be covered by the oral presentation of projects by individual class members during the last two weeks of the semester. It is the objective of this part of the course to impart at least some appreciation for the scope and power of modern research in statistical mechanics.
Individual Projects

Scope
• Library research including up-to-date material OR computer simulation • Essay not more than 10 typed double spaced pages. Try for 6 to 8 pages plus figures and references. For a computer simulation project, the essay may be replaced by a single page outline plus references, annotated program and copies of the transparencies of your presentation.
• 20 minute talk. Use about a dozen transparencies. Be sure to enlarge ( about 2 x ) literature figures.
Content for library research projects:
• A solid explanation of the phenomena through statistical mechanical theory.
• One concrete application to a specific system.
• Include literature references as appropriate for a scientific paper.
• The level of the presentation should be appropriate for members of this class who are NOT familiar with the topic. The explanations should be qualitatively clear and not excessively mathematical. Part of your score will be for how well you communicate the important concepts to the class. Each member of the class will get a copy of your essay. Note that this level of presentation requires a deeper understanding of the material than does a fully technical presentation.
• According to standard professional practice, all material taken from another source must be explicitly referenced. This includes • any quoted text (which should be in quotation marks),
• each equation, • each figure, and • each table taken from another source.
• Include figures and tables as needed for a clear exposition. Figures may be copied from books and articles, but be sure to write your own caption to make the figure understandable in the context of your essay and include the explicit reference for that figure in the caption.
• Hand in your literature search strategy (e.g., search phrases used in SciFinder) and a printout of the relevant references that you found. Hint: Always save your search results to disk and edit them down later with a word processor.
Topics
Use these as ideas or choose your own topic.
• non-ideal gases,
• crystals (metals, insulators, semiconductors),
• liquids (water, hard spheres, argon, etc.),
• first or second order phase transitions, • systems in electric or magnetic fields (Ising model, phase transitions),
• polymers (properties, molecular dynamics simulations),
• superconductivity (regular, high Tc materials),
• Bose condensation in ultracold gases • liquid crystals (phases, phase transitions, molecular dynamics simulations),
• phase transitions in DNA
• critical phenomena (critical exponents, renormalization group theory, industrial applications) • ergodicity and chaos (in kinetics, in molecules, in classical systems, quantum systems), • statistical spectroscopy (random matrix theory, cross-correlation, Fourier transform analysis), • nonequilibrium statistical mechanics (pick a specific case or application)
• an application of the Monte Carlo method • an application of the molecular dynamics method • Brownian motion
Content for computer simulation projects:
• A computer simulation of a simple physical system of interest to you.
• Several topics for simulation projects are suggested below but you are welcome to explore your own. Some of the topics require very little experience in programming, for example those that build on the Monte Carlo simulation of the Ising model that you will perform in your homework. For others, experience in Matlab, Fortran, or C will be very helpful. Please stop by to discuss your possible projects.
• Your outline should consist of a title and short descriptions of the physical system, the effects you are looking for, and the simulation method.
• Your presentation should include an Introduction that expands on the outline and motivates your work followed by a qualitative description of the simulation method. Present your simulation results in appropriately labeled figures and conclude with a discussion of your results. Please make sure that your talk is understandable to all of us.
• Please submit your program electronically (by email or on floppy disk) and hand in an annotated printout.
Topics
Choose from these or come and discuss your own ideas • Finite size-scaling in the two-dimensional Ising model -investigate a continuous phase transition and determine the critical exponents. 
